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Abstract
Epidemiological studies on the prevalence of musculoskeletal pain have consistently shown
that this is a relevant health problem, with non-specific low back pain (LBP) being the most
commonly reported in adult females. Conflicting data on the association between LBP
symptoms and physical activity (PA) have been reported. Here, we investigated the preva-
lence of LBP and the effect of a 24-month non-specific PA intervention on changes in LBP
prevalence in a series of Italian healthy postmenopausal women. We performed a second-
ary analysis in the frame of the DAMA trial, a factorial randomized intervention trial aimed to
evaluate the ability of a 24-month intervention, based on moderate-intensity PA, and/or die-
tary modification, in reducing mammographic breast density in healthy postmenopausal
women. The PA intervention included at least 1 hour/day of moderate PA and a more stren-
uous weekly activity, collective walks and theoretical group sessions. A self-administered
pain questionnaire was administered at baseline and at the end of the intervention. The
questionnaire was specifically structured to investigate the occurrence of musculoskeletal
pain, the body localization, intensity and duration of the pain. Two hundred and ten women
(102 randomized to PA intervention, 108 not receiving the PA intervention) filled out the
questionnaires. At baseline LBP was present in 32.9% of the participants. Among women
randomized to the PA intervention, LBP prevalence at follow up (21.6%) was lower than at
baseline (33.3%) (p = 0.02), while in women who did not receive the PA intervention the
LBP prevalence at baseline and follow up were 32.4% and 25.9%, respectively (p = 0.30).
Overall, there was no significant between-group effect of PA intervention on LBP. Further
studies are needed to understand the role of non-specific PA intervention, aimed to improve
overall fitness, on LBP prevalence.
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Introduction
Epidemiological studies have reported a high prevalence of musculoskeletal pain in the adult
general population, particularly in women [1, 2]. Among spinal musculoskeletal disorders, low
back pain (LBP) is an extremely common problem that most people, mainly females, experi-
ence at some point during their life [3]. In particular, an increasing prevalence of LBP with a
peak in the sixth decade has been reported [4]. LBP is a major health problem throughout the
world causing considerable physical and psychological impairments, absence from work and
high socioeconomic costs [4, 5].
LBP is usually defined as pain localized below the margin of the last ribs (costal margin)
and above the inferior gluteal line, with or without lower limb pain. LBP is typically classified
as “specific” or “non-specific” [6, 7]. Non-specific LBP is characterized by the absence of struc-
tural anatomical changes [7] and seems to affect more than 85% of individuals [5, 7]. The etiol-
ogy of LBP is multi-factorial and not fully understood. Previous studies have identified several
risk factors for LBP including age, female gender, educational status, obesity, smoking, sleep
deprivation, prolonged driving, computer usage and lack of exercise. In particular, it has been
suggested that physical deconditioning may play an important role in the etiology of chronic
LBP. Subjects practising strenuous physical activities and subjects with sedentary lifestyle are
both at increased risk for the development of chronic LBP [8]. Psychosocial factors, such as
stress and depression, may also play a role in this scenario [4].
There are several treatments for LBP (e.g., medications, physical intervention), but their
efficacy is not fully proven [7]. Physical activity (PA) has been suggested as an effective treat-
ment for patients with sub-acute or chronic non-specific LBP [9], though which types of spe-
cific exercises may be most beneficial is still unclear. To prevent chronic pain, it is very
important that the treatment focuses on promotion of PA despite the pain. Therefore, in the
acute phase educational and PA promoting measures should be the primary treatment options
[5]. However, future strategies should focus on possible interventions aimed at preventing new
episodes of LBP with greater impact both on the health status and the reduction of socio-eco-
nomic costs.
In this context, the objective of our study was to investigate, in a series of Italian healthy
postmenopausal women, the prevalence of LBP, and the effect of a 24-month PA intervention
on possible changes in LBP prevalence.
Materials and methods
Study participants
The present study represents a secondary analysis of the DAMA trial [10] and includes the 210
participants, out of the 234 overall women enrolled in the DAMA trial, who also answered a
questionnaire on non-specific musculoskeletal pain both at baseline and after 24-month inter-
vention. Due to logistic and organizational reasons the remaining 24 participants did not com-
plete the baseline and/or follow up questionnaires on non-specific musculoskeletal pain and
were excluded from the current analyses.
The DAMA (Diet, physical Activity and MAmmography) trial (ISRCTN28492718) is a fac-
torial randomised trial aimed to evaluate the ability of a 24-month intervention, based on
moderate-intensity PA, and/or dietary modification, in reducing mammographic breast den-
sity (MBD) in healthy postmenopausal women. The DAMA trial was approved by the Ethics
Committee of the Local Health Authority in Florence (Italy). Informed consent form was
signed by all study participants.
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Methods and design of the DAMA trial have been previously described in detail [10].
Briefly a total of 234 Italian healthy postmenopausal women, aged 50–69 years, not using Hor-
mone Replacement Therapy, non-smoking and with high MBD, a well-known risk factor for
breast cancer (>50% as assessed in the frame of the local screening programme), were
recruited to participate at the trial. At baseline and at the end of the DAMA intervention, all
participants filled out a food frequency questionnaire (FFQ) to assess dietary habits and a life-
style questionnaire to assess lifestyle behaviours including occupational, household and recrea-
tional PA [11]. Anthropometric parameters, such as height and weight, were also measured
using standard protocols and used to calculate body mass index (BMI, kg/m2). After the base-
line visit women were randomly assigned to one of the following four study arms: 1) “dietary
intervention” in which women received a series of specific practical and educational activities
on healthy dietary habits; 2) “PA intervention” in which women received a series of specific
practical and educational activities on healthy PA habits; 3) “dietary and PA intervention” in
which women received exactly the same activities proposed in arm 1 and 2; and 4) in which
women received only general advices on both dietary and PA healthy habits. This factorial
design allows to evaluate separately the effect of dietary or PA intervention comparing the
groups receiving the same treatment (in this analysis the PA intervention) with the groups not
receiving the specific treatment.
Physical activity intervention
According to the DAMA trial protocol, the participants included in the present study and ran-
domized to the arms receiving the PA intervention (study arms 2 and 3; 108 women), hereafter
referred to as “the PA intervention group”, were required to daily increase moderate recrea-
tional activities up to 1 hour/day (corresponding to about 3–5.9 metabolic equivalent (MET)-
hours/day), in combination with more strenuous weekly activity (6–10 MET-hours/week) and
to participate in theoretical group sessions. The exercise program was planned by an exercise
specialist and was applied gradually according to the baseline level of activity of each subject.
Suggested moderate activities were, for example, walking, biking and slow dancing. Women
were also provided with some equipment (an elastic band, dumbbells, a gym mat) and a spe-
cific booklet to exercise at home. In addition, women were requested to attend weekly 1-hour
exercise sessions led by exercise specialists in an appropriate fitness facility for the whole study
period (total 97 sessions). The primary aim of these exercise sessions was to increase aerobic
capacity, physical strength, postural control, coordination and mobility of the limbs and trunk.
The PA intervention protocol also included participation in 6 collective walks and 6 theoretical
group sessions (approximately 25 women/session) in which evidences about PA health bene-
fits were presented and discussed and women were instructed on how to gradually increase
daily levels of PA, breathe properly during exercise, improve and keep good posture. More-
over, women were requested to keep 5 periodical weekly written PA diaries in order to moni-
tor the achievement and maintenance of the intervention aims.
Women randomized to the arms not receiving the PA intervention (study arms 1 and 4;
102 women), hereafter referred to as “the control group”, received, at baseline, only a leaflet
with general advices on healthy PA patterns and were invited to participate in a single specific
conference on the general beneficial effects of PA.
Pain questionnaire
A specific self-administered questionnaire on non-specific musculoskeletal pain was filled, at
baseline and at the end of the 24 months intervention, by participants. The pain questionnaire
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included questions elaborated through translation and adaptation from previously validated
instruments used in the literature [12–14].
Specifically, women were asked if they had recently experienced pain in any body areas and
when the last episode occurred (response option were: last 48 hours, last 1–2 weeks, last 3–4
weeks, more than 3 months ago). The specific localization of the pain was then requested
(neck, shoulders, elbows, hip, knee, leg, cervical spine, thoracic spine, lumbar spine, sacral
spine). One or more pain localizations could be specified by each participant. Information on
pain localization was then combined to represent the following anatomical sites: upper back
(i.e. neck and cervical spine), lower limb (i.e. knee and leg), mid back (i.e. thoracic spine), low
back (i.e. lumbar spine and sacral spine) and spine (i.e. neck, cervical spine, thoracic spine,
lumbar spine and sacral spine).
Study participants were also requested to indicate the pain intensity of the most recent epi-
sode in each body localization according to a numeric rating scale (NRS) [15]. The NRS for
pain is an unidimensional measure of pain intensity ranging from 0 (no pain) to 10 (pain as
bad as you can imagine/worst pain imaginable). Pain intensity, assessed by NRS scale, was cat-
egorized into three levels: score 1–3 = mild, score 4–6 = moderate, and score7 = severe pain
[16].
To assess the pain duration of the most recent episode, the following question was asked:
“How long have you had your current pain problem?”. The response options were: 0 days; 1–2
days; 3–7 days; 8–14 days; 15–30 days; 1 month; 2 months; 3–6 months; 6–12 months; over 1
year.
In addition, the subjects were asked to report the pain frequency during the last 12 months:
0 time; 1 time, 2 times, 3 times, 4 times; over 4 times.
Statistical analysis
The current analysis represents a secondary analysis focused on postmenopausal women par-
ticipating into the DAMA trial who completed the pain questionnaire at baseline and at follow
up. The primary outcome of the present study was the prevalence of LBP.
Assuming an expected prevalence of LBP of 40% at baseline [3, 17] and a LBP prevalence of
20% in the PA intervention group after the 24-month intervention and with a sample size of
210 study participants (108 women in the PA intervention group and 102 women in the con-
trol group), the statistical power for our analyses was 81%. Distribution of the main baseline
characteristics was investigated overall and according to PA intervention. For continuous vari-
ables means (standard deviations), medians (10˚- 90˚ percentiles) and p values from mean
comparison test between groups (PA intervention Yes/No) were calculated. For categorical
variables frequency number, relative percentages and p values from Fisher exact test were cal-
culated. Prevalence and body localization of pain at baseline were also investigated. Specific
analyses were carried out for LBP prevalence at baseline and follow up. Among women report-
ing LBP at baseline, pain intensity and duration were evaluated.
The proportion of women reporting LBP presence before and after the 24-month interven-
tion was investigated according to PA intervention and following the intention to treat princi-
ple. The McNemar test for matched pairs was performed in order to evaluate the differences in
LBP presence at baseline and follow-up within groups. The difference in LBP prevalence at fol-
low up according to PA intervention was evaluated and a test of proportion was performed. A
crude and a multivariate logistic model (adjusted for age at enrolment, body weight, educa-
tional level, total PA level and LBP presence/absence at baseline) were also run in order to eval-
uate the real effect of the PA intervention on LBP prevalence.
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Results
Overall, 210 healthy postmenopausal women, aged 50–69 years, were involved in this study.
Baseline characteristics of the participants are detailed in Table 1. The PA intervention group
included 102 women and the control group included 108 women. No significant differences
between the two groups at baseline were observed for age, BMI, educational level, leisure-time
PA and occupational activities (Table 1).
At baseline, 56 women (26.6%) had no pain while 154 (73.3%) reported pain referred to
one or more different parts of the body. The main localization of pain was the spine (55.2%),
mostly in the low back area (32.9%), followed by lower limb (21.9%), shoulder (21.4%), hip
(9.0%) and elbow (5.7%) (Table 2). In particular, the prevalence of LBP (32.9%) was higher
than that of upper and mid back pain (30.5% and 6.7%, respectively) (Fig 1).
As regard the 69 women reporting LBP at baseline, 78.3% (54 out of 69) referred a pain
duration lower than 3 months (acute pain). LBP was defined as severe in 24 (34.8%), moderate
in 28 (40.6%) and mild in 17 (24.6%) women. Moreover, 44.4% of women reporting LBP with
duration lower than 3 months referred five pain episodes or more in the last year.
No differences in LBP prevalence emerged at baseline between the PA intervention group
(33.3%) and the control group (32.4%, p = 0.89).
Table 3 shows the overall prevalence of self-reported LBP at baseline and after the
24-month intervention by group. In the PA intervention group LBP prevalence at follow up
(21.6%) was lower than at baseline (33.3%) (McNemar test p = 0.02). Within this group 18
women (17.6%) reporting LBP at baseline did not refer LBP at follow up, while 6 (5.9%) with-
out LBP at baseline reported LBP at follow up. In the control group the reported LBP preva-
lence at baseline and follow up were 32.4% and 25.9%, respectively (McNemar test p = 0.30).
Within this group 20 (18.5%) out of the women reporting LBP at baseline did not refer LBP at
follow up, while 13 (12.0%) without LBP at baseline reported LBP at follow up.
When we compared the prevalence of reported LBP at follow up between the PA interven-
tion group and the control group (21.6% and 25.9%, respectively), the difference (-4.3%; 95%
CI -15.8%, 7.2%) did not reach the statistical significance (p = 0.46). In a multivariate analysis,
a non significant inverse association between PA intervention and LBP presence at follow up
emerged both in a crude model (OR 0.79; 95% CI 0.42–1.49) and in an adjusted model taking
into account a series of confounders including the presence of LBP at baseline (OR 0.72; 95%
CI 0.36–1.45).
Discussion
In the present study, non-specific spinal pain showed a high prevalence in a large Italian series
of healthy postmenopausal women, and LBP was more frequent than mid or upper back pain.
In particular, here we evaluated the effect of a 24-month non-specific PA intervention on
LBP prevalence specifically in postmenopausal women, aged 50–69 years. Our McNemar test
results revealed a significant lower prevalence of LBP at follow up than at baseline among
women randomized to a PA intervention program combining supervised and non-supervised
exercise sessions and theoretical education sessions. However, the enthusiasm that might be
generated by this positive finding should be tempered by the observation that there was no sig-
nificant between-group effect on LBP prevalence when comparing the PA intervention and
control groups.
LBP prevalence in the general population has been investigated in numerous previous stud-
ies [4, 6, 7, 18]. LBP is very common, but its prevalence estimates vary possibly owing to differ-
ences in diagnostic criteria, LBP definitions and the population characteristics [19–21].
Otherwise there are few reports that described the association between LBP and PA [17].
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Table 1. Baseline characteristics of the study participants overall and according to physical activity (PA) intervention.
Baseline Total
(N = 210)
PA intervention p value *
Yes
(N = 102)
No
(N = 108)
Mean (SD)
Median (10˚-90˚ percentiles)
Age (years) 59.0 (5.1)
58.3 (52.4–66.4)
59.3 (4.7)
59.0 (53.4–65.6)
58.7 (5.4)
57.5 (51.9–66.9)
0.37
Body mass index (kg/m2) 24.3 (3.4)
23.8 (20.3–28.8)
24.5(3.5)
23.7 (20.7–28.8)
24.2 (3.3)
23.8 (20.1–28.6)
0.56
Non occupational physical activity (h/week) 26.8 (14.3)
24.2 (11.8–46.5)
26.7 (15.3)
22.4 (11.7–52.0)
26.9 (13.3)
26.0 (11.9–45.2)
0.90
- Recreational physical activity (h/week) 6.4 (4.5)
5.5 (1.5–12.4)
6.1 (4.2)
5.0 (1.2–12.0)
6.7 (4.7)
6.0 (1.5–13.0)
0.31
- Household physical activity (h/week) 20.4 (13.2)
14.6 (5.2–40.1)
20.6 (14.2)
14.1 (6.3–40.7)
20.2 (12.2)
15.4 (4.4–38.5)
0.83
N (%)
Occupational physical activity
- Sedentary 74 (35.2) 35 (34.3) 39 (36.1)
- Standing 29 (13.8) 13 (12.7) 16 (14.8)
- Manual 15 (7.1) 7 (6.9) 8 (7.4)
- Heavy manual 2 (0.9) 1 (1.0) 1 (0.9)
- No paid work 90 (42.9) 46 (45.1) 44 (40.7) 0.96
Level of education
- None/primary school 59 (28.1) 25 (24.5) 34 (31.5)
- High school 90 (42.9) 44 (43.1) 46 (42.6)
- University 61 (29.0) 33 (32.3) 28 (25.9) 0.45
* P values from mean comparison test for continuous variables and from Fisher exact test for categorical variables.
https://doi.org/10.1371/journal.pone.0177370.t001
Table 2. Prevalence and body localization of pain reported by study women at baseline, overall and according to physical activity (PA)
intervention.
Baseline Total
N (%)
PA intervention p value *
Yes
N (%)
No
N (%)
Pain presence (N = 210) (N = 102) (N = 108)
Yes 154 (73.3) 74 (72.5) 80 (74.1)
No 56 (26.6) 28 (27.5) 28 (25.9) 0.80
Body localization a
Spine 116 (55.2) 58 (56.9) 58 (53.7) 0.65
- Upper back 64 (30.5) 34 (33.3) 30 (27.8) 0.38
- Mid back 14 (6.7) 6 (5.9) 8 (7.4) 0.66
- Low back 69 (32.9) 34 (33.3) 35 (32.4) 0.89
Shoulder 45 (21.4) 21 (20.6) 24 (22.2) 0.77
Elbow 12 (5.7) 2 (2.0) 10 (9.3) 0.02
Hip 19 (9.0) 7 (6.9) 12 (11.1) 0.28
Lower limb 46 (21.9) 23 (22.5) 23 (21.3) 0.83
* P values from Chi squared test
a One or more pain localizations could be reported by each participant.
https://doi.org/10.1371/journal.pone.0177370.t002
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Moreover, previous studies often included relatively shorter follow-up periods with great het-
erogeneity in gender and ages of participants [6] and the “dose” of PA was not well defined
[22]. Therefore, lack of uniform definitions of both PA and LBP makes outcomes difficult to
compare [22]. However, the most recent evidence suggests that exercise alone or in combina-
tion with education is effective in the prevention of LBP [23].
In this context, our present study has a specific focus on the prevalence of LBP in healthy
postmenopausal women (aged 50–69 years) as well as the possible changes in LBP prevalence
Fig 1. Baseline prevalence (percentage) of different types of back pain in the 210 study women.
https://doi.org/10.1371/journal.pone.0177370.g001
Low back pain in postmenopausal women: Role of physical activity
PLOS ONE | https://doi.org/10.1371/journal.pone.0177370 May 10, 2017 7 / 12
following a well-defined 24-month PA program, though non-specific for LBP. According to
our data, the baseline prevalence of LBP was 32.8%. Our data are consistent with those
described in previous studies [17, 24, 25]. In particular, in the MONICA study, LBP prevalence
was 41% in a population consisting of 5798 subjects aged 25–79 years. Furthermore, LBP prev-
alence was higher among women (44.1%) than men and highest in the group aged 55–64 years
[17]. Moreover, in that study women with LBP were more often smokers compared with
women without LBP suggesting that smoking should be considered among the risk factors of
LBP [17]. Of note, non-smoking habit was one of the eligibility criteria for women enrolled in
the DAMA trial. Although the prevalence of LBP has been investigated in numerous studies
[17], the present report is to our knowledge the first presenting data on non-specific LBP in a
sample of Italian healthy post-menopausal women aged 50–69 years. Moreover, there are very
few studies that described the association between LBP and levels of PA in adult [17, 26]. At
variance with previous reports [17, 22], here we carefully described the methodology of a well
planned PA intervention. In particular, in our protocol women were required to daily increase
moderate recreational activities up to 1 hour/day, in combination with more strenuous weekly
activity.
It is known that the non-specific LBP affects multiple aspects of an individual’s life includ-
ing physical function with limitation of multiple activities, psychological well-being and the
ability to work in the general adult population, and particularly among females [27–37]. In
addition, fear of LBP recurrence may further limit activities [38]. As a consequence, LBP con-
tinues to be one of the most challenging issues in primary care [30].
In the light of the above, the identification of new effective and economic LBP prevention
strategies with long-term impact appears of major importance [39]. Among non-pharmaco-
logical intervention, PA is widely recognized as an important health-related lifestyle factor
with the potential of increasing the quality of life. The psychosocial and biological health bene-
fits of PA are well established, and there is clear scientific evidence that regular and moderate
PA can reduce the risk of morbidity of various diseases [40]. Of note, PA is also prescribed in
rehabilitation programmes for LBP treatment [31, 41]. PA maintains or improves fitness help-
ing to control the pain and decreasing the risk of acute pain in chronic LBP [41]. Current
international guidelines advocate increasing PA as a management strategy for chronic LBP
[42]. In particular, individually designed exercise programs delivered in a supervised format
seem the most effective strategy [43]. PA may include either aerobic exercise or muscle
strengthening and stretching exercises specific for the treatment area, even if currently there is
limited evidence regarding the most effective type of exercise [38]. Patient recommendations
Table 3. Distribution, N (%), of low back pain presence (yes/no) at baseline and follow-up in the 210 study women according to physical activity
(PA) intervention.
PA intervention
Yes (N = 102) No (108)
Follow-up
No pain Yes pain Total No pain Yes pain Total
No pain 62 (60.8) 6 (5.9) 68 (66.7) 60 (55.6) 13 (12.0) 73 (67.6)
Baseline Yes pain 18 (17.6) 16 (15.7) 34 (33.3) 20 (18.5) 15 (13.9) 35 (32.4)
Total 80 (78.4) 22 (21.6) 102 80 (74.0) 28 (25.9) 108
McNemar Test a p = 0.02 p = 0.30
a P values from McNemar Test for paired data evaluating the differences in pain presence at baseline and follow-up within PA intervention group and control
group.
https://doi.org/10.1371/journal.pone.0177370.t003
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for the treatment of acute LBP consist instead in the advice to stay active for maintaining fit-
ness and flexibility [32]. Indeed, regular exercise seems the only effective strategy in prevention
of LBP [6].
We can speculate that our non-specific PA intervention, primarily aimed to increase aero-
bic capacity, physical strength of all major muscle groups, postural control, coordination and
mobility of the limbs and trunk, could improve functional ability maintaining and/or amelio-
rating the fitness level with consequent reduction in the prevalence of LBP at follow up. These
aspects are crucial because acute LBP is often caused by trunk muscle weakness resulting from
insufficient exercise, obesity, and improper posture [44]. Interestingly, the present PA inter-
vention included not only practical but also educational activities aimed to either increase the
overall fitness or reduce a sedentary behaviour possibly affecting the LBP prevalence. In this
context, previous observations [37, 43] highlighted the importance of maintaining an active
lifestyle through a well-defined and regular PA along with changing of sedentary lifestyle-
related unhealthy behaviours to prevent non-specific LBP onset. However, our analyses
revealed that there was no significant effect on LBP prevalence when comparing the PA inter-
vention and control groups. Overall, these findings should be interpreted in the context of the
limitations of our study. Indeed, the present data could be limited by the relatively small sam-
ple size investigated and a study design based on self-report assessments. In addition, it should
be considered that this is a secondary analysis of the DAMA trial which was primarily designed
to evaluate different outcomes. Therefore, the type of PA intervention was not specifically
designed for LBP, but rather planned to improve the overall woman fitness. It is also possible
that different results could be found when employing different exercise training modalities or
studying other subject populations.
Despite the aforementioned limitations, this study has also some strengths worth mention-
ing. First, our study design provided a 24-month follow up time on healthy women from a ran-
domized controlled clinical trial with a relatively high adherence rate. The reason for this
might be because our PA intervention included also supervised training sessions which are
important for adherence to study protocol. In particular, the employment of exercise profes-
sionals with knowledge of biomechanics and focusing on each subject’s needs are important to
avoid PA interruption [7]. In addition, in our trial there were no adverse events related to the
exercise intervention. Of note, this longitudinal study afforded an opportunity to investigate a
randomly recruited female population, which was not selected on the basis of a previous his-
tory of LBP. Our findings also highlight the importance of the exercise maintenance as primary
prevention against non-specific LBP development, thus supporting the need of health educa-
tion through PA. Another strength of this study is that our PA protocol follows the current PA
recommendations [45]. The present findings might therefore contribute to promote adherence
to PA and provide a guide for educators and clinicians in LBP management. Finally, our data
might even help in the design of further clinical trials in the same interventional area.
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